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Increasing body temperature during physical work is one of the im-

portant factors limiting endurance performance (Adams et al., 1975; Mac

Dougall et al., 1974; Pugh et aI., 1967; Saltin et al., 1972; Schmidt, Bri2ck,

1981). The mechanism of this effect is not fully understood. It is known,

however, that exercise-hyperthermia considerably alters circulatory and

respiratory responses to exercise; it may also impair some regulatory

functions of the brain, and affect motivation to continue the work.

There are some data demonstrating that high temperatures, but within

physiological limits, lov_er phosphorylative efficiency of mitochondria in

skeletal muscle in vitro (Brooks et al., 1971) and in vivo increase the

glycolytic rate in muscle during isometric contractions (Edwards et al.,

1972).

Previous results from this laboratory (Kozlowski et al., 1983, unpub-

lished data) provided evidence that prevention of hyperthermia during

prolonged exercise in dogs increases work endurance, slows down glyco-

gen depletion in working muscles and causes an increase in blood lactate

concentration. This suggested that exercise-induced hyperthermia might

reduce working ability by its effect on muscle metabolism.

The aim of this work was to study the effect of external cooling during

exercise on changes in body temperatures, heart and respiratory fre-

quencies as well as on some indices of muscle metabolism in dogs.

MATERIAL AND METHODS

Experimental procedure. The investigations were carried out on 16 male dogs
weighing 15--21 kg, familiarized with the treadmill running. The dogs performed
exercise of moderate intensity (slope 12% speed 4.3--5.8 kin/h) until exhaustion, at
ambient temperature 22 ± I°C and relative air humidity 55 :t=5 %, first without
(control), and then a few days later with external cooling. During exercises the dogs
were wearing canvas jackets with pockets filled either with sand (2 kg) or with
crashed ice (2 kg), packed in tightly closed plastic bags in experiments without and
with cooling respectively.

* This'work was supported by the Polish Academy of Sciences within project 10.4.
** Dr. J. E.TGreenleaf was a senior NIH post-doctoral fellow on leave from NASA

Ames Res. Center, Moffett Field, CA 94035, U.S.A.
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Two series of experiments were performed:
In the first series the time of exercise until exhaustion (exercise tolerance), changes

in rectal (Tre), brain (Thy), and muscle (Tin) temperatures as well as in heart rate
(HR), respiratory frequency (Rf) and plasma osmolality were compared in 5 dogs
exercising with and without cooling. For measurements of brain temperature each
dog had a thermocouple guide tube implanted stereotaxically into the lateral pre-
optic area of the hypothalamus. Tre, Thy, HR and Rf were recorded continuously,
whereas Tm was measured before the run, every 30 rain of its duration, and at the
end of exercise. Venous blood samples were taken at 30-rain intervals to determine
plasma osmolality. To prevent dehydration water was given ad libitum to the dogs
when blood samples were withdrawn.

In the second series exercise tolerance, changes in Tre and Tin, blood LA, and
some indices of muscle metabolism were compared in 11 clogs performing exercise
with and without cooling. Venous blood samples for blood LA determinations were
taken before exercise, at the 15th and 30th rain of its duration and at the end of
run. Since the duration of exercise with cooling was always longer than the control
run in the former a blood sample was also taken at the time corresponding to ces-
sation of control exercise.

At the same time intervals needle bioptic samples were taken from the m. vastus
lateralis for determinations of ATP, ADN, AMP, phosphoereatine (PC), muscle gly-
cogen and lactate contents. Measurements of physiological variables. All the tem-
peratures were measured by a cooper-constantan thermocouples, Rf was recorded
using a strain gauge transducer placed on the dog's thorax, whereas HR was cal-
culated from the RR intervals of the ECG. Blood LA concentration was determined
using Boehringer tests (Diagnostica, Mannheim GmbH). Muscle samples were frozen
in liquid nitrogen, freeze-dried, powdered and then the HC104 extracts were ana-
lyzed by the enzymatic micro-method (Harris et al., 1974).

RESULTS

First series of experiments. The time of exercise until exhaustion with-

out cooling was 90 _+ 15 min, whereas that with cooling 145 + 14 min

(p < 0.05). External sooling attenuated the rise in Thy, Tre and Tm during

exercise in comparison with the control run (Table 1). In both exercises

the increases in Thy were lower than those in Tre and Tm. The point of

exhaustion could not be attributed to attainment of any particular brabl,

rectal or muscle temperatures. The cooling procedure caused a reduction

of the exercise-induced increase in HR and in Rf. No difference in plasma

osmolality was found between dogs exercising with and without cooling.

Second series of experiments. The time of exercise until exhaustion

without cooling was 57. + 8.0min and that with cooling 83 +_ 8.5 rain

(p < 0.01). The main results of this series are summarized in Table 2. Simi-

larly as in the first series external cooling significantly reduced exercise-

induced increases in both Tre and Tin. -"

In comparison .with the control run in the exercise with cooling the

enhancement of blood LA concentration and muscle LA content were

markedly reduced, whilst muscle glycogen depletion was attenuated. Com-

paring the muscle high energy phosphates and their derivatives in dogs

exercising with and without cooling significant differences were found

in the muscle CP and AMP cOntents. In cooled dogs the muscle CP and

AMP contents. In cooled dogs the muscle CP was higher while the muscle

AMP content was lower than in control experiments. The: muscle ATP

content was decreasing progressively during control exercise; during the

run with cooling it remained practically constant.
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DISCUSSION

The present data provided further evidence that prevention of high
increases in body temperature markedly improves work tolerance, pro-
longing the duration of exercise until exhaustion. Since dehydration of
animals was prevented in both exercises the increased duration of running
is certainly connected with lower body temperatures, although it cannot
be attributed to attainment of any specific rectal, muscle ar brain tem-
peratures. The latter finding does not support the suggestion that high
brain temperature is the main cause of the deleterious effect of hyper-
thermia on working ability (Cabanac, Caputa, 1979) at least during mo-
derate exercise performed in thermoneutral environment.

The decreased cardio-respiratory strain in cooled animals may con-
tribute to the improved working ability e.g. by reducing 02 uptake by
respiratory muscles, improving muscle blood flow etc.

The main finding of this work i£ that modifications of body tempera-
tures during exercise influence muscle metabolism. The following changes
can contribute to the earlier exhaustion caused by exercise hyperthermia:
1) accelerated depletion of muscle glycogen content, 2) larger accumula-
tion of muscle lactate resulting in local acidosis, 3) insufficient re-synthesis
of high energy phosphates, which shifts the equilibrium values of PC ÷
-b ATP, thus decreasing the energy transfer potential.

The locus of the primary disturbance in exercise metabolism caused
by hyperthermia is unknown and the relative importance of the above-
mentioned changes in development of fatigue needs further investigations.

Summarizing: the present study provided evidence that the limiting
effect of exercise hyperthermia on working ability may be attributed to
disturbances in muscle metabolism.

SUMMARY

Changes in body temperature during prolonged exercise and their in-
fluence on muscle metabolism were studied. In comparison with the
control run in the exercise with cooling by ice bags the enhancement of
blood LA concentration and muscle LA content were reduced, the muscle

glycogen depletion was attenuated. The muscle CP was higher while the
muscle AMP content was lower than in control experiments. The limiting
effect of exercise hyperthermia on working ability may be atributed to
disturbances in muscle metabolism.

Kozlowski S., Kaci_zba-U_cilko H., Nazar K., Brzezihska Z., Kruk B.,
Greenleal J. E.

ZMI_.NY T]_LESNl_ TEPLOTY B]_HEM DLOUHODOB]_HO T]_LESNI_HO CVICEN] _
A JEJICH VLIV NA METABOLISMUS SVALU U PSI:I

Souhrn

PrAce sleduje zm_ny t_lesn_ teploty ps6 b_hem dlouhodob_ho pohybu a jejich

vliv na svalov]2 metabolismus. Ochlazeni zvf_at pomoci vak_ s ledem prokazalo
oproti kontrolArn sni2eni koncentrace laktAtu v krvi a svalu sni2eni 6bytku glyko-
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genu, zvS,_enf hladiny svalovdho CP a naopak sni_eni AMP. Limitujici d_inek nil-

mahovd hypertermie na pracovni schopnost m_ie byt pHsouzen zm6nAm ve svalovem
metabolismu.

KoanoacrH C., Kaqmo_a-Yn/n_ro F., Haaap K., Fap_ca_sx, cr, a 3.,
Kp_or B., rp_lt_'ldp fl_. _.

H3MEHEHH_[ TEMHEPATYPbI TF_JIA' rlPH J_OJIFOBPEMEHHOM
YHPA,_KHEHHH TEJIA H HX BJIH_IHHE HA METABOHH3M MI:dIIIL[ COBAK

PC31OMC

Pa6oTa HCC./IC]_yCT H3MCHeHH.q TCMnepaTyp_ TC_a c06aK IIpH ,/_oJIr'OBpCMCHHOM ,_BH_-
HHH H HX BIIH_IHHC Ha MhnJ.[CLIHMI4 MeTa_OnH3M. Oxna_v,_esxe mOT_UX npn noMom_

MeUIKOB CO Jlb_OM noKa3ano 1]o cpaBHCHH_ c KOHTpOJIMMH HOHMX<eHHe KOHI.I[CHTpaL[_zH

flaKTaTa B Kp0BH H B MblUI_e, rIOHHXeHHe yMeHbmenH_ rJDoKor_Ra, yBe_HqeHHC ypoBm_
MHmCqH0rO CP H Ha060p0T noHn_<eHne AMH. JI_tMMT_py_otqce no3_eficrBnc r_tnepTcp-

MHH II0_ Harpy3KOl_ Ha pa6OTOCIIOCO6HOCTb MO>KCT 6blTb BhI3Ballo M3MCHCHHgMH S _M-
HJCHHOM Mc'raOo_H3Me.
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